Background: To evaluate microhardness of enamel surface after microabrasion of enamel using casein phosphopeptideamorphous calcium phosphate (CPP-ACP) and casein phosphopeptide-amorphous calcium phosphate with fluoride (CPP-ACPF).
InTRoDuCTIon
'The esthetic quality of a restoration may be as important to the mental health of the patient as the biological and technical qualities are to his physical or dental health'-EW Skinner, 1959. In an increasingly esthetic driven world, attractive smiles may be marred by superficial stains or discolorations typically seen as isolated hypoplastic areas which may be yellow or white in color on an otherwise normal enamel surface. Such defects occur due to dental fluorosis and are emblematic of patients consuming drinking water with high fluoride content due to specific geographic pockets containing such quality of water.
A plethora of treatment options are now available to treat such discolorations, such as vital or non-vital bleaching, microabrasion, macroabrasion, and direct veneers or indirect veneers. Microabrasion may be used to treat isolated brown or white defects of a few tenths of a millimeter. 1 Microabrasion has evolved from the use of 18% hydrochloric acid to remove superficial fluorosis stains 2 to the incorporation of pumice and hydrochloric acid paste 3 to the replacement of pumice with silicon carbide particles. 4 Today microabrasion may be performed by the application of an abrasive slurry comprising silicon carbide and hydrochloric acid assisted by a manual or handpiece driven rubbing action. Enamel microabrasion not only helps remove superficial stains, but also improves surface texture and helps repair enamel decalcification and texture defects. 5, 6 It helps in achieving a highly polished, mineral rich surface, elongating the amount of time taken for colonization by mutans streptococci on the tooth surface. 7 However, since hydrochloric acid is used in the procedure, it may create microscopic roughness and microporosities on the surface of the enamel. The role of mutans streptococci in the etiology of caries has been well established since the 1970s. Their survival in the oral environment is highly dependent on their ability to adhere to the tooth surface. 8 The use of hydrochloric acid in microabrasion may provide the retentive layer required by caries inducing mutans streptococci. The microscopic loss of tooth structure resulting from this procedure is reversible, and remineralization may be attempted. The process of remineralization owes its wjd simplicity to the fact that it requires no growth factor and soft-tissue biological process in order to be effective. Hence in this study, we used two different remineralizing pastes on microabraded teeth after which microhardness was evaluated.
MATERIALS AnD METHoDS
• Ten freshly extracted human anterior teeth • Slurry of 11% HCl and fine powdered pumice.
• GC tooth mousse and tooth mousse plus • Artificial saliva • Micro motor handpiece • Rubber cup • Vicker's Microhardness Tester, Reichert Austria Make, Sl. no. 363798. Ten freshly extracted maxillary central incisors which had no carious lesion and no restorations were chosen for this study. Eroded teeth, or teeth with visible defects, microcracks or visible stains on the facial surface were discarded. The teeth were thoroughly cleaned off its debris and soft-tissue using an ultrasonic scaler.
Each tooth was divided into four equal parts by nail paint and four groups were made on each tooth are as follows:
• Group A: Consisted of that part in which no preparation was done and which acted as a control group.
• Group B: Consisted of that parts of teeth in which only microabrasion was done.
• Group C: Consisted of the part in which 10% casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) was applied after microabrasion.
• Group D: Consisted of the part in which 10% CPP-ACPF was applied after microabrasion. The application of both CPP-ACP and CPP-ACPF was done for a period of thirty days once daily for 3 minutes. Artificial saliva was the storage medium used for the samples for 30 days.
Microabrasion Procedure
Eleven percent HCl and fine powdered pumice was used to prepare an abrasive slurry. A rotating rubber up was used to apply the slurry to the labial surface of the tooth.
A total of 20 gm of pressure was used and 10 second applications were carried out. After each application the slurry was rinsed away.
Application of CPP-ACP and CPP-ACPF was done directly with a clean finger, on the labial surface of the tooth, smeared over the surface for 3 minutes.
Microhardness
Microhardness was evaluated using the Vicker's Microhardness Tester, Reichert Austria Make, Sl. no. 363798 with a Vickers diamond indenter and scaled microscope. The load used was 100 gm and was applied to the surface of the specimens for 15 seconds. Five indentations were equally placed over a circle of 1 mm diameter at the middle third of the specimens. The diagonal length of the indentations was measured by scaled microscope and Vickers values converted into microhardness values. Microhardness (MH) was obtained using the following equation: hardness value (HV) = 1.854 P/d where HV is the Vicker's hardness in Kgf/mm 2 (Mpa), P is the load in Kgf and d is the length of diagonal in mm.
RESuLTS
Mean and standard deviation were estimated from the sample for each group (Graph 1). The pooled standard deviation was used to calculate the intervals which were subsequently plotted (Graph 2). All groups were normally distributed. Bartlett's method was used to test for equal variances as this method is accurate for normal data only. The equality of variances was confirmed.
Since data from all groups follow normal distribution and having same variance analysis of variance (ANOVA) was performed to confirm equality of the means of groups. The null hypothesis stated was that all the means are equal for all the groups. Equal variances were assumed for the analysis. The null hypothesis was rejected as at least one group's mean was different.
DISCuSSIon
The enamel surface structure is complex to say the least. A hydration shell in the form of a layer of tightly bound water surrounds each crystal of hydroxyapatite. 9 This formation depicts that the crystal is electrically charged and can therefore attractions that are able to play a part in remineralization. 10 Microabrasion, now a well-known procedure to repair surface defects, was believed to result in a smooth, polished, glossy surface. However, the hydrochloric acid used is capable of displacing the ions after penetration into the enamel thereby increasing the level of porosity and resulting in further demineralization. Interestingly, the reverse is also true as the ions can return along the same pathways and facilitate remineralization.
Sometimes, the demineralization process may outpace the remineralization resulting in the development of subsurface lesions. These may be seen as white spot lesions in the enamel. 11 Evaluation of changes in the surface of enamel are highly relevant as it is this area that plays a key role in caries progression. Microhardness is a suitable technique to evaluate a microcrystalline, non-homogeneous structure like enamel. Apart from its simplicity, this test is of key importance as there has been a variety of literature describing the cause-and-effect relationship between enamel microhardness and mineral loss in caries lesion.
11-16
The results of this study showed there was a significant difference in the microhardness levels of microabraded teeth treated with both the remineralizing agents. This may be due to the ability of CPP-ACP and CPP-ACPF to bind calcium and phosphate ions and stabilise amorphous calcium phosphate in metastable solution. 17 Once the CPP-ACP comes in contact with the oral environment, it binds to biofilms, plaque, bacteria, hydroxyapatite and soft-tissue, localizing bioavailable calcium and phosphate ions, intrinsically remaining supersaturated with respect to enamel, resulting in reduced demineralization and increased remineralization.
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Casein phosphopeptide-amorphous calcium phosphate with fluoride showed higher microhardness values implying a stronger remineralization potential as compared to its counterpart. This is in agreement with the study done by Reynolds et al 26 as well as several other studies.
11-16,28
Casein phosphopeptide-amorphous calcium phosphate with fluoride contains fluoride which allows for the formation of fluorhydroxyapatite which is more resistant to demineralization as compared to hydroxyapatite. Penetration of ions into the depth of the lesion is limited by the process of remineralization. The rapid deposition of fluorapatite allows for the formation of a firm surface layer, which is more resistant to further demineralization.
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ConCLuSIon
Within the limitations of this study we can conclude that: CPP-ACP and CPP-ACPF were both effective in increasing the microhardness values of microabraded teeth and can be used following the microabrasion procedure. Application of both CPP-ACP and CPP-ACPF following the microabrasion procedure rendered the teeth much harder as compared to the microabrasion procedure alone. In contrast, CPP-ACPF was more effective in improving the microhardness of the tooth as compared to CPP-ACP.
